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in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
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Differential Gene Expression in Schizophrenia 

This invention relates to methods of identifying potential therapeutic agent* 
for the prevention, treatment, or ametiox*ion of schizophrenia (SZ), to rnethods of 
diagnosis ofeohi^ophrenia, and to methods of prevention, treatment, or amehoration 
of schizophrenia, 

SZ is a severe psychiatric disorder characterized by hallucinations, delusions, 
disorganized thought, and various cognitive impairments. Polygenic models of 
inheritance and linkage analysis studies have postulated mat several genes confer 
susceptibility to SZ. Hakak er al (PNAS, 2001, 98 (8) 4746-4751) have reported that 
the expression levels of genes involved in neuronal myelinate development, 
synaptic plasticity, neurotransmission, and signal transduction were altered in the 
dorsolateral prefrontal cortex of SZ brain tissue. Mimmack et al (PNAS. 2002. 99 (7) 
4680-4685) have found significant up-regolatitm of several members of the 
apolipoprotein L family in the prefrontal cortex of schizophrenia brains. Middkton et 
al (Journal of Neuroseience. 2002, 22 (7) 2718-2729) have identified alterations of 
specific metabolic pathways in schizophrenia. However, the molecular basis of 
schizophrenia is only beginning to be understood. This has hampered development of 
effective treatments for schizophrenia, and reliable diagnosis of the disorder. 

We have identified abnormalities in the expression levels of several genes in 
the prefrontal cortex of patients with schkophrenia compared with control samples. In 
particular, the expression level of the following genes was observed to be decreased in 
the prefrontal cortex of schizophrenia patients: 

PARG-OLRl; ARPC3; ARPC3; DNCUl; PPM1A; ATPIF1; TIMM17A; DNAJA1; 
SST; NEUROD6; ICAP-1A; FLJ2325U KCNK1; FLJ13611; HIRIP5; TACU 
MAGEH1; C13orfl2; EBNA1BP2; DIRAS2; MPPB1; 
Ornithine related genes: OAT; OAZTN; OAZ2; 
Arginine related genes: ARG2; 

ATP synthase (mitochondrial) genes: ATP6V1B2; ATP6IP2; ATP6V1C1; 
ATP synthase (vacuolar) genes: ATPSJ; ATP5G3; ATPSL; ATP5C1; ATP5FI; 
ATP5A1; 
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, g^: NDUFAS; NDUFAfi; NDUFABh NDUFB3; NDUFB6; NDTJFB5; 
KDUFB1; NDUFS4; NDUFA4; NDUFC2;NDUFB4; 
Compte 3 UQCRH; UQCEFS1; UQCRC2; UQCBB; UQCRC2; 

c^te^^coxT^coxTBiCoxs^comcoxiuoaxTCPi; 

COX7BP1; 

Holocytochrome o Synthetase genes: HCCS; 
Adenine tnraslocators genes: SLC25A4 

Voltage dependent anion channels (in mitocWrial outer-membrane) genes: 

VDAC2; VDAC1P; VDAC3i 

Lactate metabolism genes: LDHB; LDHA; 

Isocitrate dehydrogenase genes: IDH3B; IDH3A 

HMG related genes: HMGCR 

Glutamate metabolism genes: GLRX2. 

The expression level of the following genes was observed to be increased in 

the prefiontal cortex of schizophrenia patients: 

KBSi; TO; FRODH; AMT; CLN3; AC0X1; G6PD; GCDH; COLSA1; NY-KBN- 
24; TXNL2; SOD3; BCAT2; 

purine metabolism (matrix) genes: ALDH4A1 ; PYCRl; 

me tallo proteins genes: MT1X; MT1L; MT1G; MT1H; MT2A; MT1B; MT1F; 

Arginime related genes: DDAH2; 

Glycine/Serine metabolism genes: AMT; 

HMG related genes: HMGCL; 

Oxide related genes: EPHX1. 

Table 1 gives the fold changes in expression of the above genes in the 
prefiontal cortex of sehi^phrenia brains compared with control samples, and includes 
Unigene, ReSeq, and Genbank details, and descriptions of the genes, including 
synonyms. 

Many of the changes are mitochondrial changes. These are illustrated 
schematically in Figure 1. The changes include changes in ROS stress systems (see 
the Example). 

We have appreciated that these abnormalities can be used to identify potential 
therapeutic agents for the prevention, treatment, or amelioration of schizophrenia, and 
for the diagnosis of schizophrenia or susceptibility to schizophrenia. 



Aoconiing to the invention there is provided use of any of die following in a 
serening assay to identify a potential therapeutic agent for the prevention, treatment, 
or amelioration of schizophrenia; 

Ci) proteins encoded by the following genes: PARGjOLRl; ARPC3; ARPC3 
DNCUl; PPMlA; ATPffl; TIMM17A; DNAJA1; SST; NEURODfr. ICAP-lAj 
HJ23251; KCNK1; FIJ13611; HKIP5; TAC1; MAGBH1; C13orfl2; EBNAIBF2; 
D1RAS2; MPPEl; OAT; OA2XN; OAZ2; ARG2; ATP6V1B2; ATP6IP2; 
ATP6VICI; ATP5J; ATP5G3; ATP5L, ATPSC1; ATP5F1; ATPSA1; NDUFA5 
NDUFA6; NDUFAB1; NDUFB3; NDXJFB6; NDUFB5; NDUFB1; NDTJFS4: 
NDUFA4; NDUPC2; NDUFB4; UQCRH; UQCRFS1; UQCRC2; UQCRB; 
UQCRC2; COX7A2; COX7B; COX5A; COX17; COXU; COX7CP1; COX7BP1 
HCCS; SLC25A4; VDAC2; VDAC1P; VDAC3; LDHB; LDHA; IDH3B; IDH3A; 

HMGCR; GLRX2; FBS1; WFS1; ERODH; AMT; CLN3; ACOX1; G6PD; GCDH; 

COL5A1; NY-REN-24; TXNL2; SOD3; BCAT2; ALDH4A1; PYCR1; MT1X; 

MT1L; MTlG; MT1H; MT2A; MT1E; MT1F; DDAH2; AMT; HMGCL: BPHX1; or 

H) nucleie acid encoding any of the proteins of (i) above 

There is also provided according to the invention use of a regulator of 

expression of any of (i) above, in a screening assay to identify a potential therapeutic 

agent for the prevention, treatment, or amelioration of schizophrenia. 

There is further provided according to the invention use of abinding partner of 

any of (i) above in a screening assay to identify a potential therapeutic agent for the 

prevention, treatment, or amelioration of schizophrenia. 

According to the invention there is also provided use of an expression vector 

comprising nucleic acid encoding any of (i) above in a screening assay to identify a 
potential therapeutic agent for the prevention, treatment, or amelioration of 



There is further provided according to the invention use of a ceil or cell tine 
expressing nucleic acid encoding any of (i) above in a screening assay to identify a 
potential therapeutic agent for the prevention, treatment, or amelioration of 
schizophrenia. Preferably the cell is a neural cell, or an oligodendrocyte- 

There is also provided according to the invention a recombinant mouse in 
which expression of a gene encoding any of the proteins of (i) above is altered 
compared with expression of the corresponding gene in normal mice. Preferably 
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expression of two or more of the genes is altered. Expression of the ger* or genes rn 
the recombinant moose may be increased ox decreased. Where expression is 
decreased, preferably me mouse Is a knockout mouse for the gene Ct genes. 

Preferably expression of PARG;OLRl; ARPC3; ARPC3; DNCLQ; PPM1A; 

AtPIFl; TIMM17A; DNAJA1; SST; NEUROD6; ICAP-1A; FU23251; KCNK1; 

FLJ13611; HERIP5; TACl; MAGEH1; C13orfl2; EBNA1BP2; DIRAS2; MPPE1; 

OAT- OAZIN; OAZ2; ARG2; ATP6V1B2; ATP6IP2; ATP6V1C1; ATP5J; ATP5G3; 

ATP5L* ATP5C1; ATP5F1; ATP5A1; NDUFA5; NDUFA6; NDUFAB1; NDUFB3; 

14DUF156- NDUFB5; NDUFB1; NDUFS4; NDUFA4; MDUFC2; NDUFB4; 

UQCRH; UQCRFSl; UQCRC2; UQCRB; UQCRC2; COX7A2; COX7B; COX5A; 

COX17; COXll; COX7CPI; COX7BP1; HCCS; SLC2SA4; VDAC2; VDAC1P; 
VDAC3; LDHB; LDHA; IDH3B; IDH3A; HMGCR; GLRX2 is decreased m the 

recombinant mouse. 

Preferably expression of FBSl; WFS1; PRODH; AMT; CLN3; ACOX1; 
G6PD- GCDH; COL5A1; r^-REN-24; TXNL2; SOD3; BCAT2; ALDH4A1; 
PYCR1; MT1X; MT1L; MI1Q; MT1H; MT2A; MT1E: MT1F; PDAH2; AMT; 
HMGCL; EPHXl is increased in the recombinant mouse. 

The invention also provides use of s recombinant mouse of the invention as an 

animal model for schizophrenia. 

According to the invention there is also provided use of a mouse of the 
invention, or cells obtained or derived from the mouse, in a screening assay to identify 
a potential therapeutic agent for the prevention, treatment, or amelioration of 
schizophrenia. 

A **eening assay for identifying a potential therapeutic agent for the 
prevention, treatment, or amelioration of schi 2 ophrenia may comprise screening for a 
modulator of expression of a gene encoding any of the proteins of (i) above by: 
providing a system capable of expressing a gene encoding any of the proteins of (i) 
above; niamtahring the system under conditions for expression of the gene in the 
presence and absence of a candidate modulator of expression of the gene; and 
detennining the expression level of the gene in the presence and absence of the 

candidate modulator. 

An npregulator of expression of any of the following is expected to provide a 
potential therapeutic agent for the prevention, treatment, or amelioration of 
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schizophrenia: PARGjOLRl; ARPC3; ARPC3; DNCU1; PRMIA; ATPIF1; 

TIMM17A; DNAJA1; SST; NEUR0D6; ICAP-IA; FU23251; KCNK1; FLJ13611; 

HIRIP5; TAC1; MAGHH1; C13orfl2; EBNA1BP2; EHRAS2; MPPE1; OAT; 

OAZIN; OAZ2; ARG2; ATP6V1B2; ATP6IP2; ATP6V1C1; ATP5J; ATP5G3; 

ATP5L; ATP5C1; ATPSF1; ATP5A1; NDUFAS; NDUFA6; NDUFAB1; NDUFB3; 

NDUFB6; NDUFB5; NDUFB1; NDUFS4; NDUFA4; NDUFC2; NDUFB4; 

UQCRH; UQCRFS1; UQCRC2; UQCRB; UQCRC2; COX7A2; COX7B; C0X5A; 

COX17; COX11; COX7CP1; C0X7BP1; HCCS; SLC25A4; VDAC2; VDACtP; 

VDAC3; LDHB; LDHA; EDH3B; IDH3A; HMGCR; GLRX2. 

A downregulator of expression of any of the following is expected to provide a 

potential therapeutic agent for the prevention, treatment, or amelioration of 

schizophrenia: FBS1; WFS1; PRODH; AMT; CLN3; ACOX1; G6PD; GCDH; 

COL5A1; NY-REN-24; TXNL2; SOD3; BCAT2; ALDH4A1; PYCR1; MTIX; 

MTIL; MT1G; MT1H; MT2A; MTIE; MT1F; DDAH2; AMT; HMGCL; EPHX1. 

An alternative screening assay for identifying a potential therapeutic agent for 

the prevention, treatment, or amelioration of schizophrenia may comprise screening 
for a regulator of the activity of any of the proteins of (i) above by; contacting the 
protein with a candidate regulator and deteraiining the activity of the protein in the 
presence and absence of the candidate regulator. 

An enhancer or activator of the activity of any of the following proteins may 
provide a potential therspeutic agent for the prevention, treatment, or amelioration of 
schizophrenia: PARG;OLRl; ARPC3; ARPC3; DNCLI1; PPM1A; ATPIF1 
TIMM17A; DNAIA1; SST; NEUROD6; ICAP-IA; FU232S1; KCNK1; FLJ13611 
HIRIP5; TAC1; MAGEH1; C13orfl2; EBNA1BP2; DIRAS2; MPPE1; OAT 
OAZIN; OAZ2; ARG2; ATP6V1B2; ATP6TP2; ATP6V1C1; ATP5J; ATPSG3 
ATP5L; ATP5C1; ATP5F1; ATP5A1; NDUFAS; NDUFA6; NDUFAB1; NDUFB3 
NDUFB6; NDUFB5; NDUFBl; NDUFS4; NDUFA4; NDUFC2; NDUFB4 
UQCRH UQCRFSl; UQCRC2; UQCRB; UQCRC2; COX7A2; COX7B; COX5A; 
COX17; COX11; COX7CP1; COX7BP1; HCCS; SLC25A4; VDAC2; VDAC1P; 
VDAC3; LDHB; LDHA; IDH3B; IDH3A; HMGCR; GLRX2. 

An mhdhitar of the activity of any of the following proteins may provide a 
potential therapeutic agent for the prevention, treatment, or amelioration of 
schizophrenia: FBS1; WFS1; PRODH; AMT; CLN3; ACOX1; G6PD; GCDH; 
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COL5AI; NY-REN-24; TXNL2; SOD3; BCAT2; ALDH4A1; PYCRt; MT1X; 
MTIU MT1G; MT1H; MT2A; MTlEi MT1F; DDAH2; AMT; HMGCL; BPHX1. 

A further gcreening assay for identifying a potential therapeutic agent for the 
prevention, treatment, or amelioration of schizophrenia may comprise screening for a 
regulator of the interaction of any of the proteins of (i) above with a binding partner 
quired for tte biological effect of the protein by. contacting the protein with the 
binding partner in the presence of a candidate regulator, and determming binding of 
the protein to its binding partner in the presence and absence of the candidate 
regulator. 

An enhancer or activator of the interaction of any of the following proteins 
with a binding partner required for the biological effect of the protein may provide a 
potential therapeutic agent for the prevention, treatment, or amelioration of 
schizophrenia: PARG;OLRl; ARPC3; ARPC3; DNCOl; PPM1A; ATP1F1 
TTMM17A; DNAJA1; SST; NEUROD6; ICAP-1A; F1J23251; KCNK1; FU13611 
HIRIP5; TAC1; MAGEH1; C13orfl2; EBNA1BP2; DIRAS2; MPPEl; OAT: 
OAZIN; OAZ2; ARG2; ATP6V1B2; ATP6TP2; ATP6VIC1; ATP5J; ATP5G3 
ATP5L; ATP5C1; ATP5F1; ATP5A1; NDUFA5; NDUFA6; NDTJPAB1; NDUFB3 
NDUFB6; NDUFB5; NDUFB1; NDUFS4; NDTJFA4; NDUFC2; NDUFB4 
UQCRH; UQCRFS1; UQCRC2; UQCRB; UQCRC2; COX7A2; COX7B; COX5A: 
COX17; COX11; COX7CP1; C0X7BP1; HCCS; SLC25A4; VDAC2; VDAC1P 
VDAC3; LDHB; LDHA; IDH3B; IDH3A; HMGCR; GLRX2. 

An inhibitor of the interaction of any of the following proteins with a binding 
partner required for the biological effect of the protein may provide a potential 
therapeutic agent for the prevention, treatment or amelioration of schizophrenia: 
FBS1; WFS1; PRODH; AMT; CLN3; ACOX1; G6PD; GCDH; COL5A1; NY-REN- 
24; TXNL2; SOD3; BCAT2; ALDH4A1; PYCR1; MT1X; MT1L; MT1G; MT1H; 
MT2A; MT1E; MT1F; DDAH2; AMT; HMGCL; EPHX1. 

A further screening assay for identifying a potential therapeutic agent for the 
prevention, treatment, or amelioration of schizophrenia may comprise screening for a 
binding partner of any of the proteins of G) above by: contacting the protein with a 
sample comprising a candidate binding partner, and determining whether the 
candidate binding partner binds to the protein. 



There is also provided according to the invention a method of diagnosing 
whether a subject has, or is at risk of developing schizophrenia, which comprises 
detenninmg the level of any of the proteins of (i) above, or the expression level of a 
gene encoding any of the proteins of (i) above, in abiological sample obtained fiord 
the subject, or in a sample derived from a biological sample obtained from the subject 
The biological sample may comprise any of the following: CNS tissue, brain 
tissue, cells isolated from the prefrontal cortex, cells isolated from the developing 
neuroepimelium; a neural stem cell; a progenitor cell. 

Cells isolated from the developing human neuroepithelium can be isolated in 
culture and grown as aggregates termed neurospheres (Svendsen CM, and Smith AG, 
Trends NeumS ci 1999 Aug; 22(8): 357-64). These contain a mature of neural stem 
and progenitor cells, can be propagated in culture for extended time periods, and hold 
potential as a source of tissue for repairing the damaged CNS. According to the 
invention, the sample derived from foe biological sample may be a neinosphere. 

Preferably the biological sample comprises peripheral tissue or a peripheral 
cell type in which the level of the protein, or the expression level of the gene, 
correlates with the level of the corresponding protein, or the expression level of the 
corresponding gene, in the prefrontal cortex. 

Suitable peripheral tissue may comprise blood (consisting of plasma and blood 
cells). It is possible that a correlated level of protein, or correlated gene expression, 
may occur in one or more types of blood cell but not in others. In this ease, it may be 
necessary to use blood cells of that type, or those types, which have been separated at 
least from some of the types of blood cells that do not have correlated levels or 
correlated expression. If a correlated level of protein, or correlated gene expression, 
occurs in more than one type of blood cell, blood cells of each type could be separated 
and, if necessary, pooled together for the detennination. 

A correlated level of protein, or correlated gene expression may occur in 
erythrocytes (red cells), platelets, or leukocytes (granulocytes: neutrophils, 
eosinophils, or basophils; or lymphoid cells: lymphocytes or monocytes). 

Methods of determining the expression level of a gene are well known to those 
of ordinary skill in the art For example, this may be achieved by detennining the 
level ofmKNA or protein expressed from the gene in the biological sample. 



B^ea of auitab.e m«hoda for determining the level " ! ^ A ^Z 
m quantitative PCR (m particular, real-time quantitative PCR) performed on cDNA 



"1!^^ of d— *e .eve. of mRNA expressed, ^ BHA 

the mRNA in the sample. 

Espies ofauM*. mefcods •» *° >"* °™ eXPreS31 ° a 

are Western blotting and enayme-lnrked immunosortrent assay (ELISA). 

A Ending partner of en expression product of me gene, may be used », detect 
*. revel of that expreasionproduct. The binding partner maybe a 
Nobody or ^tibody fragment. ^ antibody or antibody ftegment sho^d 

biological sample can be determined. 

^^r^toaybca^c^oapabiaofbybdd^^a-^ 

acid exp^ion product of ^s-Tbcrraoteie acid aboold 1^ 
(for example under cor.di.iooa of hi,* stringency) to tlie nucleic acid e*ness,on 
£JT« toe ievci of the nucleic acid expreaaiou prod~t in the brolog^ 
^ can be determhred A preferred nucleic acid binding partner r, an 
otigomtcleotide primer for the synmeaie of cDNA by reverse funacrrpbon fiom 

mRNA of Hie gene. . ~ , . 

The level of a nucleic acid expression product of the gene * f-faMy 
determined by amplification of m* nucleic add expression product, fbr sample by 
PCR . Tb». Pritneta capable of amplifying me nncteto arid f-M t- 
5«. Kuclaic acid capable of hybridizing (preferably under conmhone of** 
L taE =ncy)» nucleic arfdmatia complementary ,o a nucleic acid exp^prodnc* 

ofthegenermd/or nucleic *^>.^V~*^^~^T 
of high atringeney) of an expreeeion product of the gene may be uaed to acphfy 
JL acid express product of ftc gene, for example to detect an express™ 

product of the gene. , ^ _ 

There ia also provided a Idt for me diagnosis of schizoptaenia thai compnsesa 

mM ns fer deleting me pn**m or expreaaion product rf a gene -M->T? 
The demoting means mny comprise a binding partner of me protein, and/or a nucletc 
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acid capable of hybridizing to nucleic acid that 1b complementary to a nucleic acid 



There is also provided according to the invention a method of diagnosing 
whether a subject has, or is at risk of developing schizophrenia, which comprises 
determinrng the level of any of the proteins of (i), or die expression level of a gene 
encoding any of the proteins of © above, in the brain (preferably the prefxontal 

cortex) of die subject 

The level of more than one of the proteins of G) above, or the expression level 
of more than one of the genes encoding the proteins of (i) above may be determined. 
This may increase the accuracy of the diagnosis. 

If me level of the protein or expression product in the brain is abnormal, the 
subject is diagnosed as either having schizophrenia, or being at risk of developing 
schizophrenia. 

lix particular, the subject is diagnosed as either having schizophrenia, or being at risk 
of developing schizophrenia, if the level of any of me touching proteins, or the 
expression level of a gene encoding any of the following proteins is reduced 
compared to a normal subject: PARG;OUR.l; ARPC3; ARPC3; DNCU1; PPMIA; 
ATPIF1; HMM17A; DNAJA1; SST; NEUROD6; ICAP-tA; FLJ23251; KCNK1 
FLJ13611; HIRIPS; TAC1; MAGEH1; C13orfl2; EBNA1BP2; DIRAS2; MPPE1 
OAT; OAZIN; OAZ2; ARG2; ATP6V1B2; ATP6IP2; ATP6V1C1; ATP5J; ATP5G3 
ATP5L; ATPSC1; ATP5F1; ATPSA1; NDUFA5; NDUFA6; NDUFAB1; NDUFB3 
NDUFB6; NDUFB5; NDUFB1; NDUFS4; NDUFA4; NDUFC2; NDUFB4 
UQCRH; UQCRFS1; UQCRC2; UQCRB; UQCRC2; COX7A2; COX7B; COX5A; 
COX17; COX11; COX7CP1; COX7BP1; HCCS; SLC25A4; VDAC2; VDAC1P 
VDAC3; LDHB; LDHA; IDH3B; IDH3A; HMGCR; GLRX2. 

The subject is diagnosed as either having schizophrenia, or being at risk of 
developing schizophrenia, if the level of any of the following proteins, or the 
expression level of a gene encoding any of the following proteins Is increased 
comparedto anonnal subject: FBSl; WFSl; PRODH; AMT; CLN3; ACOX1; G6PD; 
GCDH; COL5A1; NY-REN-24; TXNL2; SOD3; BCAT2; ALDH4A1; PYCR1; 
MT1X; MT1L; MT1G; MT1H; MT2A: MT1E; MT1F; DDAH2; AMT; HMGCL; 
EPHX1. 



There is further provided according to the invention a method of prevention, 
^toent, or amelioration of scbisophrenia which comprises increasing thetevel or 
activity of any of the following protein, in the brain (in particular the prefrontal 
cortex) of a subject in need of such prevention, treatment, or amelioration: 
PARoUl; ARPC3; ARPC3; DNOll; PPMIA; ATPIF1; TIMM17A; DNAIA1; 
SST; NEUROD6; ICAP-1A; FLJ23251; KCNK1; FU136U; flIUFfc TAG ; 
MAGEHl; C13arfl2; EBNA1BP2; DIRAS2; KffiBl; OAT; OAS*; OAZ2; ARG2; 
ATP6VIB2; ATP6IP2; ATP6VIC1; ATP5J; ATP5G3; ATP5L; ATPSC1; ATP5F1; 
ATP5AI- NDUFAS; NDUFA6; NDTJFAB1; NDUFB3; NDUFB6; NDUFB5; 
NDUFB1; NDTJFS4; NDTJFA4; NDUFC2; NDUFB4; UQCRH; UQCRFSU 
UQCRC2; UQCRB; UQCRC2; COX7A2; COX7B; COX5A; COS* GU01 8 
COX7CP1; COX7BP1; HCCS; SLC25A4; VDAC2; VDAC1P; VDAC3; LDHB; 
LDHA; IDH3B; 1DH3A; HMGCR; GLRX2. 

There is also provided according to the invention a method of prevention, 
treatment, or amelioration of schizophrenia which comprises reducing me level or 
activity of any of the following proteins in the brain (in particular the prefrontal 
cortex) of a subject in need of such prevention, treatment, or amelioration FBS1; 
WFSU PRODH; AMT; CLN3; ACOXi; G6TD; GCDH; COLSA1; NY-REN-24; 
TXNL2; SOD3; BCAT2; ALDK4A1; PYCR1; MT1X; MT1L; MT1G; MT1H; 
MT2A; MT1E; MT1F; DDAH2; AMT; HMGCL; EPHX1. 

The level of a protein may be altered by gene therapy. The level of a ptotem 
may be altered by use of a regulator of expression of a gene coding for the protein. 

Experiments which are the basis of the invention are described in the 
following example, with reference to the accompanying drawings in which: 
Figure 1 shows mitochondrial changes associated with schizophrenia; 
Figure 2 shows sample quality control steps; 
Figure 3 shows data quality control steps; 

Figures 4 and 5 show clustering analysis between control (Q and schizophrenia (S) 
samples; and 

Figure 6 shows oxidative buffering. 
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Example 

Integrating tonscriptomics, Proteoses, and Classical Genetics 
Fishing in modern neuiopsycbiatric research 
Affymetrix® GeneChip® Post-Mortem 
Brain Studies 



HG-U133 set includes'. 

— 39.000 probes 

— 33,000 annotated 
— - 2 chips: AandB 

_ Bach w/ -23,000 genes on 1.28 
cm 2 



Our Studies: 

— 150 PM human brain samples from 
SMRI 

— Completed on HO-U133A chips and 
continuing on B 

— Extensive Quality Control(QC) steps 

— Cluster analysis 



Sarnple QC Steps (see Figure 2): 

Total KNA is screened for degraded samples 

cKNA is generated and screened for poor modal length 

- Poor samples are run on Test3 GeneChips® 

— Prisitine samples are run anU133 
GeneChips® 

Micmatrays are put through our in-house Data QC 
screen and only "clean*' data sets ate retained, poor set 
samples are rerun or Tweeted 



Data QC Steps (see Figure 3): 

6 data fitters 

— RN A digestion plot* 

— Box plots 

— 2 D-chip screens 

— In-house parameter 
script 

— In-house heuristic 
meta-analysis script 
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Date Mining 



SdSS^ce and Significance Filtering 

- Subset Significant Gene Overlapping 

- Pathway Specific Filtering 

g^^^i yd* (see Finn™ 4 and 5) 
Initial Clustering (17,886 genes) 
patients begin to separate 



PatienteDegmwseP*— - sca le (392 

Uatil the toes begin to separate large groups of patients on a large gen 



Filtering on oxidative stress and mitochondrial genes (35 genes) 
_ 82% separation for C in S 
- 90% separation for S in C 

Oxidative Stress: 

Evidence for Stress Response 

Up-regulations in M* transcripts 

Changes in specific ROS stress systems including: 

— sod's ~~ a*' 8 

— m — Fa containing molecules 

— GLRX 

— PDCD's 



Changes in DNA repair mechanisms 
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Future Directions 

. Coitoe «lata mining of A^meftrix® results 

- Validate gene hits via Q-PCRandpoly-"omics" 

- Genotyping and SNP analysis of genes that separate patient groups 
-taa*«**rf P-W— tissues h«l«d^ liver, sple^blcodanddu^ate 
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Claims 



1 > Use of my of the following proteins in a screening assay to identify a potential 
therapeutic agent for the prevention, treatment, o* amelioration of schizophrenia: 
0) proteins encoded by the following genes: PARG;OLRl; ARPC3; ARPC3; 
DNCU1; PPM1A; ATPDF1; T1MM17A; DNAJA1; SST; 1SJBUROD6; ICAP-lA; 
FU23251} KCNK1; FU136I1; HIRIP5; TACJ; MAGEH1; C13ocfl2; EBNA1BP2; 
DIRAS2; MPPE1; OAT; OA22N; OAZ2; ARGZ; ATPSV1B2; ATP6IP2; 
ATP5V1C1; ATPSJ; ATPSG3; ATP5L; ATP5C1; ATP5F1; ATP5A1; NDOFA5; 
NDUFA6; NDUFAB1; NDUFB3; NDUFB6; NDUFB5; NDUFB1; NDUFS4; 
NDUFA4; NDUFC2; NDUFB4; UQCKH; UQCRFS1; UQCRC2; UQCRB; 
UQCRC2; COX7A2; COX7B; COX5A; COX17; COX11; COX7CP1; COX7BP1; 
HCCS; SLC25A4; VDAC2; VDAC1P; VDAC3; UDHB; LDHA; 3DH3B; IDH3A; 
HMGCR; GLRX2; FBS1; WFS1; PRODH; AMT; CLN3; ACOX1; G6PD; GCDH; 
COL5A1; NY-REN-24; TXNL2; SOD3; BCAT2; AUDH4A1; PYCR1; MT1X; 
MT1L; MT1G; MT1H; MT2A; MT1E; MT1F; DDAH2; AMT; HMGCLj EPHX1; or 
ii) nucleic acid encoding any of the proteins of (i) above. 

2. Use of a regulator of expression of any of (i) of claim 1, in a screening assay 
to identify a potential therapeutic agent for the prevention, treatment, or amelioration 
of schizophrenia* 

3. Use of a binding partner of any of (i) of claim 1 in a screening assay to 
identify a potential therapeutic agent for die prevention, treatment, or amelioration of 
schizophrenia. 

4. Use of an expression vector comprising nucleic acid encoding any of (i) of 
claim 1 in a screening assay to identify a potential therapeutic agent for the 
prevention* treatment; or amelioration of schizophrenia, 

5. Use of a cell or cell line expressing nucleic acid encoding any of 0) of claim 1 
in a screening assay to identify a potential therapeutic agent for the prevention, 
treatment, or amelioration of schizophrenia. 
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6. 



Use according to claim 5, wherein the cell is a neural cell. 



7. Use according to claim 5, wherein the cell is an oligodendrocyte. 

8. A recombinant mouse in which expression of a gene encoding any of (i) of 
claim 1 is altered compared with expression of the corresponding gene in normal 
mice. 



more of the genes is altered. 

10. A recombinant mouse according to claim 8 or 9 which is a knockout mouse 
for the gene or genes. 

11. Use of a recombinant mouse according to any of claims 8 to 10 as an animal 
model for schizophrenia. 

12. Use of a mouse according to any of claims 8 to 10, or cells obtained or derived 
ftom the mouse, in a screening assay to identify a potential therapeutic agent for the 
prevention, treatment, or amelioration of schizophrenia. 

13. A screening assay to identify a potential schizophrenia therapeutic agent for 
the prevention, treatment, or amelioration of schizophrenia which comprises screening 
for a modulator of expression of a gene encoding any of the proteins of (i) of claim 1 
by: providing a system capable of expressing a gene encoding any of the proteins of 
(i) of claim 1; maintaining the system under conditions for expression of the gene in 
the presence and absence of a candidate modulator of expression of the gene; and 
determining the expression level of the gene in the presence and absence of the 
candidate modulator. 

14. A screening assay according to claim 13, which comprises screening Car an 
upiegulator of expression of any of the following: 



9. 



A recombinant mouse according to claim 8 in which expression of two or 
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MAQBHl;Cl3<wfl2;EB[NAlHPZ,Du™ , ATP5L* ATP5C1; ATP5F1; 

^.B* ATP61P2J ^ l SST5^SU 

» » w «— ' 

KDUFBl; NDUF54, INi - Mjrxv ' 7 . rOXll; 

UQCR c « «£« = ; ™ r^^-HB; 

COX7CP1; COX7BP1; HCCSS vuav*, 
LDHA; IDH3B; 1DH3A; HMGCRi GLRX2. 

A screening assay according to claim 13, -hich comprises screening tor a 



IS. 

10 



dowmegulator Of expression™ any W • - * a 1 • NY-REN- 

24- TXNL2; SOD3; BCAT2; ALDH4A1; PYCR1; MT1X MT1I, MT1G; MTiH. 
MT2A; MT1B; MT1F; DDAH2; AMTi HMGCU BPHX1. 

16 x a^y » id^tify a po.ea.ie. schizophrenia thcrapeudc — ^ 

p^^h . crtld*. »d defcontaing 0» «-» ofttopro,em m ** 

presence and absence of the candidate wfjiilmor. 

,7 A greening a*=ay eceo^^ 

^c^or activator of the activity of any of the foUowing protrio* 

PAKOiOUU; ARFC3; AKPC3; DNCU., ^^^^ 

SST; NEtmODS; ICAP-1A; FU2325U KCNK1; 

MAGEH1; C130TA2, EBNAIBP2; DIRAS2; MFFEU OAT; ««^^ 
ATP6V1B2; ATP6TP2; A^VlCt; ATP5J; ATP5G3; *W*^« 
ATP5A1; NDUFA5; «DUFA6; NPUFAB1; NDTJFB3; «». 
NDUFB1; ND0FS4; N^M ~ NDUm ^ 
UQCRC2; UQCRB; UQCRC2: C0X7A* COX7B ; C0X3A; <X*«. COW. 

C0X7CP1; COX7BP1; HCCS; SIX35A4; VDAC* VDAC1P; VDAC* U>HB. 

LDHA; 1DH3B; IDH3A4 HMGCR; GL8X2. 
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18. A screening assay according to claim 16, which comprises screening for an 
inhibitor of the activity of any of the following proteins; 

EBS1; WFS1; FRODH; AMT; CLN3; ACOX1; G6PD; GCDH; COLSAH NY-REN- 
24; TXNL2; SOD3; BCAT2; ALDH4A1; PYCR1; MT1X; MT1L; MT1G; MT1H; 
MT2A; MT1E; MT1F; DDAH2; AMT; HMGCL; EPHX1. 

19. A screening assay to identify a potential schizophrenia therapeutic agent for 
the prevention, treatment, or amelioration of schizophrenia which comprises screening 
for a regulator of the interaction Of any of die proteins of (i) of claim 1 with a binding 
partner required for the biological effect of the protein by: contacting the protein with, 
the binding partner in the presence of a candidate regulator, and determining binding 
of the protein to its binding partner in the presence and absence of the candidate 
regulator. 

20. A screening assay according to claim 19, which comprises screening for an 
enhancer of the interaction of any of the following proteins with a binding partner 
requited for the biological effect of the protein: 

PARG;OLRl; ARPC3; ARPC3; DNCU1; PPM1A; ATPIF1; TTMM17A; DNAJAl; 
SST; NEUROD6; ICAP-1A; FLJ23251; KCNK1; FU13611; HEUP5; TAC1; 
MAGEH1; Cl3orfi2; EBNA1BP2; DIRAS2; MPPE1; OAT; OA23N; OA22; ARG2; 
ATP6V1B2; ATP61P2; ATP6V1C1; ATP5J; ATPSG3; ATP5L; ATP5C1; ATP5F1; 
ATPSAl; NDUFA5; NDUFA6; NDUFAB1; NDUFB3; NDUFB6; NDUFBS; 
NDUFB1; NDUFS4; NDUFA4; NDUFC2; NDTJEB4; UQCRH; UQCRFS1; 
UQCRC2; UQCRB; UQCRC2; COX7A2; COX7B; COXSA; COX17; COXL1; 
COX7CP1; COX7BP1; RCCS; SLC25A4; VDAC2; VDAClP; VDAC3; LDHB; 
LDHA; IDH3B; IDH3A; HMGCR; GLRX2. 

2L A sheening assay according to claim 19, which comprises screening for an 
inhibitor of foe interaction of any of foe following proteins with a binding partner 
required for foe biological effect of the protein: 
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„. ACOXf C6TO; GCDH; COLSAl; NY-BEN- 

^ . sample conning a caudate bmdmg partner, - d d «~ e 
candidate binding partner binds to *e protem. 

. a subject oas, or is at risk of developing 

03 A metiiod of diagnosmg whether a subje« , ftf)of 
V J2* which combes detenrdning 1-1 of any of the prote^ of O 

5CblZOphre t* ^LonCel of a gen, encoding any of the proteins of CD of claim 
claim t, oi the expression level oi a g ^ a 

!, in a biological .ample obtained from the subject, or m a P 
biological sample obtained ftom the subject 

♦„ ni»5m 23 wherein the biological sample comprises a 

peripW — . ^ - ooncspoDdingpK>Ki r, „ «ho -pr^on 

of ihe gene, correlates with the levei »^ 

M of the corresponding protein, in the prefrontal cortex. 

A — according to claim 24, rt— *- « - 



25. 

comprises a blood cell. 



26 A »e*od •»«»« - 4*. 25. wherein c* i. . — ^ 

an ^taoprnl, or ^basophil; » tymphocyw, or a mooooyta). 

47 a method of prev^ t— , or aradioratton 

27. Amefhoa activity of any of the following proton, to the torn 

or amelioration: 
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"°»~ "2T™„ cokj* oae* craw, cools 

2K.SSS. S3 i- — — — 

l£>HA; 1DH3B;1DH3A;HMGCR; GLRX2, 

- — atmant. or ameUotation of schizophrenia which 

(in particular die prefrontal cortex) of a suoje« vu 

oran.elioratiom • ACOXl;G6PD, GCDH; COLS Al; NY-BEN- 

fbsi; wfsi; P^B^rr.^c ^ ^ ^ MT1H; 

24; TXNL2; SOD3; BCAT2; ALDH4AI, ^ K ' 
MHA; MT1E; MT1?« DDAH2; AMI; HMGCL; EPHX! . 
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Figure 2 
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Hybridization and scanning of aamplesTj 
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Higher level analysis 
and candidate gene scree: 
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Figure 3 



rnA Digestion Ptots A 

Chips virth slgniflcaiW " | 
deviant pioisare flagged 



box Plots 



Chips vritrt elgnfflcantty 
nigtiRow signal intensity are 
flagged (r6d> 



P-Chi|> Sevens 



EartefiUigMi PP fa model: 



Chips Vfflh'» S% outfler pffl&s 
sate are flagged (red) 



PftrfflctfMlsrttg trh dHfef^nfte 
piariel: 

Chlpa\tfih»'*%outier 
probe-sets are flagged (red) 



Mcta-an^ysls Scrten 



QKip^nu^^tA scores ot 

>0.9 are passed (blue) 
< 0.75 are flagflad (rod) 
0.75-0.3 are margnaKfireenJ 



Parameter screen 



<1 ouWng param. (o JP-) are 
passed (blue) 

=2 o.p, are mamlnal (green) 
>2o.p,ara flagged fr*d) 




QC call 



.0 QC flag passed 
,1-2 QC flags are 

manually evaluated 
•*2 QC flagfl are felted 



Watfllnar chfrs are 
pnanualty screened for 
their QCxalte and 
accepted or rejected 
based on both sampler 
QC and dataQC results 




Patients begin to separate . . . 

Schizophrenia H Control 
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Until 1he trees begin to separate large groups of 
patients on a large gene scale 

Sdnmtaenji jj Control (392 genes) 




Filtering on oxidative stress and mitochondrial genes 

(35 genes) 
82% Separation for C in S 

ScMzoptamb Es| Contral 90% Separation S k C 
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